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Evauation of Sdt-tolerant Floral and Forage Crops As a Strategy For Conserving Fresh Water
Resources
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Sdineirrigation water resources, primarily drainage effluents, but dso including some
groundwaters in subregions 14 through 21 of the SFP, will be important components to
meeting the Water Use Efficiency (WUE) Program gods to conserve and recycle water
throughout the State. Quantifiable Objectives, including increasing water supplies for

beneficid uses through reductions in nonproductive Evapotranspiration (ET), can benefit from
adudy that evauates the response of a number of promising sdt-tolerant forage and flord
cropsto dinity levelstypica of those present in the San Joaquin Vdley. Experiments will be
conducted at the USDA/ARS George E. Brown, J., Sdlinity Laboratory in Riversde, CA using
greenhouse and outdoor sand tank lysmeter systems. These sand tank systems have been used
successfully to evaluate anumber of field crops (forages, cereds, severd leafy vegetables,
Lesquerella, and halophytes) and trees (i.e., poplar, mesquite, eucayptus, pistachio) with
precise control of soil water salinity. Screening trids of promising forage (Medicago,
Trifolium, Cynodon, and Paspalum cultivars) and flord crops (Limonium, Chrysanthemum,
Protea cultivars) as suitable dternatives will be conducted. Both forage and floral crops will

be evaluated when grown with saline water that may range from 4 to 30 dSm™, as appropriate.
Maximum dlowable sdinities for production of marketable products will be determined.
Strategies that maintain or enhance product quality including temporary sdt stress



rel ease/imposition according to morphologica stage of plant development will be tested for
flord crops. Forageswill be scored based on biomass production, minera concentrations,
forage qudity, and water use efficiency, whereas flord rankings will emphasize flord qudity,
sze, color, and quantity of blooms.

The research project will involve four USDA Agricultural Research Service scientists joined
by two Universty of Cdiforniascientists from the Davis campus. The project team has
combined expertise in the areas of soil physics and irrigation management, plant physiology,
plant nutrient-salinity interactions, plant genetics, and floriculture.

2. Water issues and consistency with water management plans.

Competition between water users for high-quality water has increased as the population has
increased (Shannon and Grieve, 2000). Subgtantial volumes of sdine drainage water, used
ether exclusvey or in conjunction with strategic minimal fresh water supplements, can
successtully be subgtituted in systems where good qudity water is currently used extengvely
for irrigation.

The use of sdine waters to produce plants can be beneficid in two ways. Fird, information on
crop productivity under sdine conditions isimportant in sequentid drainage reuse systems
designed to reduce volumes of saline drainage waters that pose environmental hazards (Grattan
et a., 1999; San Joaquin Vdley Drainage and Implementation Program, 2000. Through
identification of salt-tolerant forage and flord plants considered viable economic aternatives

to sdt sengtive species or cultivars, fresh water supplies could be conserved while maintaining
economic productivity of agricultura and horticultural operations.  These systems can benefit
from identification of gppropriate crops that could grow well and maintain reduction of
drainage water volumes under sdline ( ECe = 10 dS mi?) to extremdly sdine (EC. > 25dSm™)
conditions by maintaining substantid rates of transpiration (EC. isthe dectrica conductivity

of the soil saturation extract — an indicator of soil sdinity). A second benefit of usng sdine
water for irrigation may be conservation of good quaity water supplies otherwise consumed
for dl other beneficid uses a the locd, regiond, Bay-Delta, State or federd level. Through
the subgtitution of saline waters for production of crops suited to these conditions, fresh water
supplies are conserved through maiching of water qudity with plant productivity.

Furthermore, plant water use efficiency has been shown to increase with increasing sdinity.
Eucalyptus treesirrigated with smulated San Joaquin drainage water had up to a 3-fold
increase in long-term transpiration efficiency (Poss, et d., 2000). Although plant productivity
is proportiond to ET, the optimization of thisreationship isimportant and potentidly can
contribute to meeting ET reduction targets.

Forage grasses and legumes will use more water than most tree species in the same locations,
and provide feed for livestock. The forages can be substituted for treesin existing agro-
forestry models where drainage water volume reduction is desired. Warm season grasses like
Cynodon and Paspal um species tolerate high temperatures and salinity and grow in the spring
and summer (Ogter et al., 19993).



Usudly, sdt-tolerant plants are less economicdly attractive than traditiondly grown sat-
sengtive crops. However, someflord crops are extremdy sdt tolerant ( Dr. Ed. Glenn,
Univergty of Arizona, persond communication ) and may provide growers with more
economica and environmentally acceptable options where saline drainage or well waters are
avaladle.

3. Nature, scope, and objectives.

The need for dtrategies that address drainage water reuse through development of new
management concepts is more important in saine soils because of the importance of balancing
sdtsand water use. Quantitative information that relates water qudity and water useis
limited, but essentid to the understanding of these processes at various scales. Although crop-
water quality production functions have been estimated for some agronomic crops (Letey and
Dinar, 1986), information is currently not available for many aternative crops. The scope of
the work is potentidly quite broad given the potential number of permutations of specific ol
initiesand plant species. Generdly, quantitative evauations will be ussful for loca

planning in awide range of locations and conditions.

The objective of the study is to evaluate anumber of potentia forage and flord cropsin terms
of production potential when irrigated with saline drainage water. In addition, screening and
selection of these candidate species adapted to high sdinitieswould ad future efforts to reuse
drainage waters

4. Technicd/Scientific Merit, Feasibility, Monitoring, and Assessment

Our hypothesisisthat water use efficiency on aregiona bas's, through reduction of
trangpiration and conservation of fresh water supplies, will be increased with the use of sdine
water for irrigation Warm season forages (Table 1) and flower species (Table 2) will be
evauated for water use and productivity under smulated saline conditions in an experimenta
facility a the USDA/ARS laboratory in Riversde, CA. The water use efficiency of the norn+
sdine control will be compared with that of the sdine trestment. The concept hereisto
produce plant materia asfeed or for ornamenta purposes while requiring little or no good
quaity water. One added benefit is that sdlt-affected areas could improve productivity while
reducing drainage water volumes and consarving high quality water. Since forages are usudly
vegetative materid, flowering and fruit development are not important growth stages for these
crops. Forages, being perennia aso provide partia to full ground cover during the growing
season, thus reducing the evaporation component and decreasing the non-productive water use
component. In addition, forages are usudly grown over severd years without reseeding such
that seedling establishment problems are minimized.

Hord crops, however, have criticd growth stages where sdinity induction or relief may have
profound effects on productivity. Ornamenta products can be produced with limited or no
requirements for good water qudity if sat-tolerant germplasmisused. Some information
exigs on the sdt-tolerance of some flord species, but little or no information isavailable on
water use under sdine conditions.



The experiments will be conducted in greenhouse and outdoor sand tanks located at the
USDA/ARS George E. Brown, Jr., Sdinity Laboratory in Riversde, Cdifornia. The outdorr

sand tanks act as drainage lysmeters dlowing for awater baance of the system and control of

soil water sdinity uniformly throughout the rootzone. A large set of 24 tanks (L5 mx3mx 2

m deegp) and asmal set of 24 tanks (0.8 m x 2.0 m x 0.8 m deep) both filled with washed sand

having an average bulk density of 1.45 Mg m® comprise the outdoor facilties. Each tank is
irrigated with asolution contained in individud reservoirs having avolume of gpproximately
4000 L. The sat solutionswill be prepared to smulate San Joaguin Valey drainage waters
based on predictions of peciation modd smulations (Suarez and Simunek, 1997). These
solutions would contain a full complement of nutrients equivaent to a haf-strength
Hoagland' s solution. The solutions are gpplied through surface irrigation and collected into
subsurface drainsin a closed system loop from reservoir to soil then back to the reservair.
Irrigation volumes and frequencies would be maintained to achieve aleaching fraction near
unity to avoid st buildup. Totd ET would be measured for each tank after maximum
drainage every 72 hours via an automated refill-water metered system connected to a data-
logging computer. The greenhouse system issmilar on asmdler scde. A Class|
agrometerologica gation isingaled immediately adjacent to the outdoor facility.
Micrometerological dataincluding sand and air temperature, pan evaporation, PAR, RH, and

wind velocity will be recorded.

5. Schedule of Proposed Project.

Task/
Ddiveradle
Item

Forage
Experiments
Panning
Mesetings

Data Collection

Hord
Experiments
Panning
Mestings

Data Collection

Data Andyss/
Conaultant
And./
Mestings

Manuscript/
Report
Preparation

Projected
Cost

$27,000

$28,300

$10,200

$2,300




Technology/
Information
Trander

$2,100

Quarterly $15K $I10K $5K $5.3K $15K $10K $5K $4.6K Totd
Expenditure $69,900

Projection

Schedule Date: 6/15 9/01 12/01 3/02 6/15 9/02 12/02 3/03 6/03

6. Monitoring and Assessment

Dry matter production rates of the forages and the water balance of the sand tanks will be
measured periodicaly. Electricad conductivities (EC) will be monitored aswill pH to
document actud sdinity and pH of theirrigation solutions. The forage tissue will be dried,
ground, and analyzed for mgjor inorganic sdts (Na, Ca, Mg, K, Cl, P, S)) and forage quality.
There may some added benefit of using drainage water with trace minerals such as boron and
selenium as these are necessary nutrients for animals and in previous studies have not
accumulated to potentidly toxic levels (Grattan et d., 1999). Furthermore, floral crops may
dlow for greater accumulation of such trace eements than forages where concentrations need
to be suitable for anima consumption.

Water use efficiency will be caculated based upon accumulated biomass or economic product
for each sdinity trestment. Experimental desgns would consst of randomized block with
severd inity targets for forages and smilar sudiesfor flora crops. Additiond sdinity
sress/stress relief experiments will be conducted for flower crops in a greenhouse sand-tank
fadlity to quantify the number of suitable flowersthat could be sdlable. FHora cropswill be
assessed based on commercidly acceptable criteriafor flowers and biomass production will
aso be measured as an indicator of plant performance under the range of sdine treatments.

Our results could be passed on to related demonstration projects located near the west side of
the San Joaquin Valey so that more sdt tolerant materia could be used as the soil is degraded
by long term use of drainage water as an irrigation water source.

C. Outreach, Community Involvement, and Information Transfer.
1. Outreach efforts.

Both the Univergty of Cdifornia Cooperative Extenson and USDA’s Agricultural Research
Service consder outreach activities ahigh priority. Through extension workshops and
mesetings with groups such as the UC Management and Reuse of Agricultura Workgroup and
the Cdifornia Nurseryman’s Association. Information obtained from these studies will be
communicated to the end user. The UC Management and Reuse of Agricultura Workgroup
congding of individuas from the University of Cdifornia, DWR, USDA, CSUF, USBR,




RCD’s, and severd irrigation and drainage districts on the Westside of the San Joaquin Valley
Exchange of research findings and information through this group will be critical.

Opportunities for community involvement range from student employment to cooperation with
specific private and public entities. The USDA/ARS maintains a Research Information
Management System that contains atechnology transfer database (TEKTRANS) on the
internet that includes title summaries describing the research project and findings.

Investigators will publish resultsin a number of outlets including newdetters, popular articles
and trade magazines such as Irrigation Journa and the California Nurseryman. Additiond
information transfer will be provided through publication of results in pertinent popular
circulars and scientific peer-reviewed journds.

All users of fresh water supplies could potentialy benefit from the use of sdine water for
irrigation in production agriculture. It is conceivable that tribd interests and the interests of
people in disadvantaged communities could be well served through water policy options
previoudy not considered for conserving water resources.

D. Qualifications of the Applicants, Cooperators, and Establishment of Partner ships

The research project will involve four USDA Agricultural Research Service scientistss who
have been involved in investigations of plant sdt tolerance in laboratory and field settings over
two decades. They arejoined by aUniversity of Cdifornia Extenson Plant Water Relations
Specidist and a Professor in the Department of Environmenta Horticulture. Both are located
at the Davis campus. The project team has combined expertise in the areas of soilsand
irrigation management, plant physiology, plant nutrient-sainity interactions, and floriculture
management issues. Resumes are attached.

Role of Investigators

Poss. Project development, assembling scientific team. Will assigt in development of
experimenta methods, set-up, and harvests. Will assst in the andyss of data and presentation
of reports.

Grieve: Assg in sdlection of forage and flord cropsto be evduated in experiments. Will
coordinate collection of physiologica data. Will play mgor role in preparation of reports and
Mmanuscripts.

Shouse: St and water badance andyss. Will assst in harvest and selection of sampling
criteriaand monitoring irrigation procedures.

Zeng: Screening and sdection of sdAt tolerant plants for further evauation.
Grattan: Assgt in development of proposal. Will assgt in synthetic drainage water

compositions and aspects of the soil-water-plant continuum. Assgting in technicad information
transfer.



Leth: Assg in development of proposd. Development of flord qudity evauetion criteria
Assging in technicd informetion trandfer.

Externa cooperators will include pest management consultants and forage quaity assessment
consultants to maintain plant health and determine forage quality parameters.
Communication with the cut flower representatives will be important to meet industry
standards

E. Costs and Benefits.
1. Budget Summary and Breakdown.

Title Evduation of Sdt-tolerant Floral and Forage Crops As a Strategy For Consarving Fresh
Water Resources

Primary Investigator/Scientific Team: JA. Poss, C.M. Grieve, P. J. Shouse, SR. Grattan, J.
H.Lieth, and L. Zeng.

Y ear One (2001 —2002) Y ear Two (2002-2003)
Sdaries and Wages 20,000 21,000
Fringe Benefits 2,200 2,300
Supplies 3300 2000
Equipment 1500 1500
Services or Consultants 3500 2700
Trave 4100 4100
Other Direct Costs 700 1000
Totd 35, 300 34,600

2. Budget Judtification: Labor cogts for undergraduate/graduate sudent assistance and
benefits. Equipment and suppliesinclude sdts and nutrients for sand culture systems, plant




materids, and maintenance cogts associated with monitoring meters for conductivity, pH, and
locd weether conditions, soil moisture, etc. Consulting fees for pest control and andytica
sarvices for some plant andysis. Travel includestrips to and from Riversde/Davis including
overnight costs.

3. Project outcomes and benefits are not easly quantifiable since many factors can vary the
find andyss. Quadlitative outcomes and benefits would hopefully be dominated by the
conservation of fresh water resources that would benefit dl users of good quality water.
Additiond benefits to industry may include lower production costs and additiond flexibility in
product development. Utilization of saline waters can accel erate needed isolation and
screening of mutant or salt resstant germplasm.  For example, Rodriguez- Perez et a. (2000)
recently observed surviving Protea plants essentidly undamaged alongside plants that died as
aresult of sinity indicating genetic diversty with respect to sdinity stress. These survivors
could be selected to establish sdt tolerant cultivars for forage and flora industry through
selection techniques. Other benefits at the production level might include positive features of
moderately sdt-stressed plants such as increase in the number of flowers or more desirable
growth habit or both. If saline waters of poor qudity containing nitrate sdts are used, then
reductionsin nitrate potentia to leach to groundwater would also occur. Drainage waters on
the Westside of the San Joaquin Valey are notorioudy high in nitrate and reuse of drainage
water would reduce the nitrate level in the find effluent (SJVDIP, 2000). Economic
assessments would be assisted with such a database to infer cost parameters for economic
mode predictions.

References

Aronson, J. A. 1989. HALOPH: A database of salt tolerant plants of the world. Office of Arid
Lands Studies, The Univergty of Arizona, Tucson, AZ.

Grattan, SR. et a. 1999. Technica Report on Drainage Water Reuse. M. Alemi and J. Letey
(Coordinators). San Joaquin Vdley Drainage Implementation Program and the University of
Cdifornia Sdinity/Drainage Program. 91 pp.

Kaddah, M. T. 1962. Tolerance of Berseem Clover to Sdt. Agronomy J. 54:4221-425.

Letey, J. and A. Dinar. 1986. Simulated crop-water production functions for several crops
when irrigated with sdline waters. Hilgardia 54:1-32.

Ogter, J. D., S. R. Kaffka, M. C. Shannon, and S. R. Grattan. 1999a. Sdline-sodic drainage
water: aresource for forage production? In: Proceedings of the 171" Internation Congress of
ICID. Sept. 1999, Granada, Spain: and presented at the Technical Conference on Irrigation and
Drainage. Phoenix, Arizona.

Poss, J. A., S. R. Grattan, D. L. Suarez, and C. M. Grieve. 2000. Stable carbon isotope
discrimination: an indicator of cumulative salinity and boron dressin Eucalyptus
Camaldulensis. Tree Physiology 20:1121- 1127.



Poss, J. A. 1984. Response of onion (Allium cepa L.) and berseem (Trifolium alexandrinum
L.) to vesicular-arbuscular mycorrhizal fungi in sdine soil. Magter Thess. UC Riversde.

Prabucki, A., M. Serek, and A. S. Andersen. 1999. Influence of sat stress on stock plant
growth and cutting performance of Chrysanthemum morifolium Ramat. Journd of
Horticultural Science and Biotechnology 74:132-134.

Rahi, T. S. and S. K. Datta. 2000. Performance of chrysanthemum (Chrysanthemum
morifolium)cut flower varigties in saline water irrigated soil. Indian Journd of Agricultura
Sciences 70:469-471.

Rodrigues-Perez. J. A., M. Fernandez-Falcon and A. R. Socorro-Monzon. 2000. The effect of
sdinity on growth and nutrition of Protea obtusifolia. Journd of Horticulturd Science and
Biotechnology 75:97-104.

San Joaquin Valey Drainage Implementation Program. 2000. Evauation of the 1990
Drainage Management Plant for the Westside San Joaquin Vdley, Cdifornia Fina report
submitted to the Management Group of the San Joaquin Valey Drainage Implementation
Program (SIVDIP). January, 2000. SIVDIP and Universty of California Ad Hoc
Coordination Committee 87 pp.

Shannon, M. C. and C. M. Grieve. 2000. Optionsfor usng low-qudity water for vegetable
crops. Hortscience 35(6): 1058-1062.

Shannon, M. C., C. M. Grieve, C. Wilson, J. A. Poss, D. L. Suarez, S. Lesch, J.D.Rhoades.
1998. Growth and water relations of plant species suitable for saline drainage water reuse
gsystems. Fina Report Project for the California Department of Water Resouces. DWR B-
59922,

Sonneveld, C., R.Baas, H. M. C. Nijssen, and J. de Hoog. 1999. Sdlt tolerance of flower crops
grown in soilless culture. J. Plant Nutrition 22:1033-1048.

Suarez, D.L. and J. Simunek. 1997. UNSATCHEM: Unsaturated water and solute transport
model with equilibrium and kinetic chemigtry. Soil Sci. Am. J. 61:1633-1646.

Taylor, N. 1939. Sdt tolerance of Long Idand sdtmarsh plants. Circular New York State
Musaum 23:1-42.

Wooddl, S.R. J. and H. A. Mooney. 1970. The effect of seawater on carbon dioxide
exchange by the halophyte Limonium californicum (Boiss.) Heller. Ann. Botany 34:117-121.



Table 1. Ligt of potentid forage species for sat tolerance screening.

Family, Genus, Species Putative Sdlt Tolerance Notes
(ECi indSm)
Leguminosae
Trifolium >6 Moderatdy yidding, good qudity forage

Alexandrinum L.

Berseem Clover Two cut ecotype not evauated
Under sdinity stress

Medicago sativa

CUF alfalfa >8 Little information on sdt tolerance

Gramineae
Paspal um spp.

Duncan
Polo >8 Sand cultures

Cynodon spp.

Tifton 85 Bermuda >8 Sand Cultures
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Table2. Ligt of potentia floral species for sdt tolerance screening.

Family, Genus, Species

Asteraceae
Aster ‘Monte Casino’
Chrysanthemum
morifolium

Caryophyllaceae
Dianthus caryophyllus
Carnation ‘ Adefie

Plumbaginaceae
Limonium auricul ae-
ursifolium
Limonium carolinanium
Limonium californicum
Limonium perezi
Limonium sinuatum

Proteaceae
Protea obtusifolia

Putative Sdlt Tolerance
(ECi indSm)

>4.2;: SYD n.d.
>8

4.3; SYD 3.9%

43

47

Sea water
Seawater; 56 dS/m
Seawater; 56 dS/m

$4.2

SYD = Significant Yield Decrease
*Yidd decrease per unit increase in dinity.

Notes

Hydroponic cultures
Yidd and qudity greater & 8 dSYm
compared to controls

Hydroponic cultures

Physiologica measurements

Individuas resstant to 8.2 dS/m
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